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INTRODUCTION

The 2014 low@epartment of TransportatiofDOT) Strategic Plan defined a vision ®fmarter, Simpler,
Customer Driven The 2016 lowa DOTTransportation System Management and OperatioRSNQ
Strategic Plamnd accompanying@rogram Pla describe a TSMOriented approach towards managing

and operating théransportationsystemin away that will help achieve this visiomSMO is an approach

to optimize existing infrastructure through better integration, coordination, and a systematic
implementationof key operational strategiesAs stated in the TSMO Strategic Plar, A G KAy L2 g
there are multiple disciplines, offices and regions with the responsibility and ability to deliver safe and
reliable mobility at the statewide and regionkdvel TSMO does not replace any of the current
responsibilities; insteadf pffers resources and strategies to realize the full capacity of the existing
transportation system, increase reliability, improve safety, and target safety padational probém

f 2 Ol (TBYisctganized into eight serviagersby the lowa DOTasillustrated inFigure 1

Traffic Intelligent | |
Management Transportation Traveler Traffic Incident
Center Systems (ITS_) and Information Management
Communications
Active :
Emergency Work Zone Transportation and iﬂ?c?riﬁte“ée
vanagement Management bemand Transportation
Management

Figurellowa DOT TSMO Service Layers

This document defines the Service Layer Plan for,

the Cooperative Automated Transportatig@AT)

Service Layer by describing challenges and

opportunities, existing services and conditions,

future direction, gaps and actions to bridge them, . Streamlining Cooperative

performance metrics, and estimated cosigure SYnel[ST@ Automated Transportation

2 summarizes howCAT as part ofthe overall processes

TSMO approachwill help lowa DOTcontinue :

working towardits visionto be smarter, simpler, oI g 'ncorporating customer feedback
Bl into Cooper_atlve Automated

and customer dven. Transportation management

Understanding trends in
SlElGEIg Cooperative Automated
Transportation

Figure2 Cooperative Automated Transportation
Contributions to lowa DOT Vision
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DEFINITION OFOOPERATIVE AUTOMATED TRANSPORTATION

The term Cooperative Automated Transportation (Cd€rotes a concept for automated transportation
in lowa thatconsidersall modes and in which three basic elements work together:

1 Systems(vehicles, infrastructure, communications);

1 Services(operations, roadway design, vehicle and driver licensing, driver education and training,
transit and mobility services); and

1 ReakHime automated safety features(on-board vehiclebased, haneheld, and dispatcher
based).

All elementswork together toimprove safety, mobility, and efficiency. (A glossary for many of the terms
and acronyms useith this documentan be found if\ppendix A

It should be noted that, in addition to autonomous vehicles, CAT addres<e® y y Svehiclssk ¢
Connected vehicles are equipped with networked wireless communicaf@atares that are safe and
interoperable. Connected vehicles can communiagité the following:

1 OtherVehicles- and is referred to a¥ehicleto-Vehicle (V2Vdommunications;

1 InfrastructureSystems and is referred to a¥ehicleto-Infrastructure (V2Itommunications;
and

1 Roadway Userngersonal communications deviceand is referred to a¥ehicleto-Everything
(V2X) communications.

According to the Federal Highway AdministratiocGonnected vehicles could dramatically reduce the
vehicles are part of a larger shift by the US Departn@ntransportation from helping people survive
crashes to preventing crashes from happening in the first place.

In V2V connectivity, vehicles communicate with other nearby vehi V2V Connectivity
regarding information such as location, speed, brakiemgd potentially
dangerous situations such as cross traffic ahead. Examples of V2V ¢
applications include forward collision warnings, left turn assistance,
blind spot/lane change warnings.

Vehicles communicate

with other nearby
vehicles

V2| connectivity means vehicles communicate with traffic signals, work zones
V2 Connectivity and other transportation infrastructurelnfrastructure that vehicles may
communicate with include traffic signals, stop signs, toll boothsrk or
school zones, and railroad crossingspplications include red light violation
warnings, curve speed warnings, stop sign gap assistance, reduced speed
zones warnings; lane closures (including work zongspadside alerts,
weather and road condibn alerts,and dynamic travel guidance. Buses,

Vehicles

communicatewith
transportation
infrastructure.

I https://www.its.dot.gov/cv basics/cv basics what.htm
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trucks and emergency vehicles may also use V21 to request signal priority as they approach intersections.
Vehicles would provide information such as speed, directionl location to the agenciasperating the
network to support operational decision making, analyarsl planning.

V2X includes vehicle communication with anything that may affect Y240
vehicle, such as Vaind V2V, but also pedestrians, bicyclesid other Vehicles
individual travel modesAn example o¥/2X may be an application that allo communicatewith
a pedestrian to alert nearby vehicles of bisherpresenceat a crosswalk anything that may

affect the vehicle.

Connected vehicles will likely communicate usaitper shortrange low
latency secure connectiong.g. Dedicated ShorRange Communications
(DSRCpr Direct Cellula2X)or wide-area cellulatbased approaches, such asod 5G Longterm

Evolution LTEE Solutions may include communicatitirdware that broadcass and receive data

among vehicles, infrastructure and othdgvicedn a local area, or they may include clebased solutions
that allow data exchange among connected elements via existing and future cellular networks.

Automated vehicles levege sensors, cameras, radar, amight Detection and Rangin(-iDAR
capabilities to independently increase awareness of the surroundings. Noteutwehated vehicles may

be autonomous (i.e., use only vehicle sens@msji/or may be connected (i.e., use mmunications
systems such as connected vehicle technology, in which cars and roadside infrastructure communicate
wirelessly).

Automated vehicles refer to a wide range of assistarkigure 3summarizes thaixlevels of automation
as defined by the Sodieof Automotive EngineeSAE) Of thesixlevels, level® and lcapabilitiesare
currently available inmany production vehicles A variety of production vehicles include level 2
capabilities, withspecific models from Cadilla€eslaand Audiapproaching level 3levek 4 and5 are
being testedwith limited realworld deployment, such as Uber and Waymo -skiving ride hailing
services but not available to the public

eveso JLevel 1 J ievei 2 J uevers ] Lever ] uevets

You are driving whenever these driver support features You are not driving when these automated driving
are engaged - even if your feet are off the pedals and features are engaged - even if you are seated in
Whh:;g:?: ::: you are not steering “the driver's seat”
driver’s seat g -
have to do? You must constantly supervise these support features; When the feature Thesg automateq driving features
you must steer, brake or accelerate as needed to requests, will not require you to take
maintain safety you must drive over driving
These are driver support features These are automated driving features
These features These features These features These features can drive the vehicle This feature
are limited provide provide under limited conditions and will can drive the
to providing steering steering not operate unless all required vehicle under
er‘:::t(l’l?etshs:?’ warnings and OR brake/ AND brake/ conditions are met all conditions
s momentary acceleration acceleration
assistance support to support to
the driver the driver
«automatic + lane centering +lane centering « traffic jam «local driverless [ *same as
emergency OR AND chauffeur taxi level 4,
braking «pedals/ but feature
Example e blind snot +adaptive cruise [ +adaptive cruise pt i can drive
Features iN¢:Spo control control at the SICEnng everywhere

warning wheel may or
may not be

installed

same time inall

conditions

«lane departure
warning

Figure3 Levels of Automation in Vehicles as defined by SAE J3016
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The distinction between levels of automation is not always simplewell understood given thatosne
vehicles may operate in various levels of automation based on owner/operator settings. The driver
response to varying levels of automatiaa well as actual market delivery and actual adaptation of these
capabilitiess something to track and monitan future versions of this plan.

Connectivity is an importariictor inrealizing the full potential benefits and broagale implementation

of automated vehicledn some vehicleghese technologies are expected to converge such that vehicles
are both comected and automated, with integration that allowehiclesto be operated automatically
andcommunicate with other vehicles, the roadsj@ad other infrastructure to make safe, efficient travel
decisions.Nonetheless, some vehicles will operate autonthfeatures without connectivity while others
will feature connectivity without automation.Figure 4illustrates the integration of connected and
automated vehicles.

Integrating onnectedvehicle technologies with automation offers seveadivantages overhie exclusive

use ofvehicle sensorg.é.radar,UDAR cameras, and othevn-board sensing)Vehicle connectivity can

provide both guidance and warnings well beyond the range di@ard sensinglrhis happens today when

the navigation tools on our phonasarn you about debris on the roadway, vehicles stopped on the
shoulder, or slow traffic ahead well in advance of you seeing it or the vehiclesard equipment sensing

it. Finally,i 2 R @8Q&a FFaGSNJ O02YLlziAy 3 LR 4SNE vebidevdetdzafes OF ( A 2
providing a natural transition into connecting vehicles. In contrast, the publics perceptions, tolerance, and
acceptance of full automatioare unknown and so for now connectivity as opposed to automated is more

viable to a broader rangef travelers.

Autonomous Vehicle

Operates in isolation from other
vehicles using internal sensors

Connected Automated Vehicle

Leverages autonomous and connected
vehicle capabilities

Connected Vehicle

Communicates with nearby
vehicles and infrastructure

Q U.S. Department of Transportation

Figure4 Conceptual Integration of Connected and Automated Vehicle Technologies
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INFRASTRUCTURE TO ENABLE COOPERATIVE AUTOMATED TRANSPORTATION

The emergence of CAT, and expanded deployniermtperations will be enabled and ultimatelype
supported by two types of infrastructure, defined for purposes of this plan as follows:

CAT Digital Infrastructure: Digitalinfrastructurerefers tothe data,communications, andechnology
systemsrelated to theelectronic colledbn, processg, and transngsion
of information. Examples may include the data describing work zone
related lane closures and speed reductions, as well as the database,
reporting swtem, and the systems that communicate this data to the
vehicles.

CAT Physical Infrastructur€AT physical infrastructure refers to existing transportation infrastructure,
changes or additions to the existing infrastructure, or deployments of new
physicalequipment or adaptations to the existing infrastructure to support
CAT. Example adaptations could include modifications to lane striping or
signage to support automated driving systems like lane keeping which is
g At ofS 2y 2RIl &ncdiicati@nS koApaMerSeat>or & G NHzO
bridges reflecting changes to vehicle paths or following distances, as well as
modifying existing traffic control devices to send and receive information at
rates as high as 10 times per second to improve intersection safety.
Roadside units (RSUs) that broadcast and receive data using low latency
communications mediums are also examples of CAT physical infrastructure.

SERVICEAYERPLANDEVELOPMENRBPCESS

Developinghis Service Layer Pldregan witha review of avariety of resources, including the lowa DOT
Strategic Highway Safety Plan, TSMO Plans, State Transportation Pla80 amd 1380 Planning Studies,

as well as the lowa Co@permanent laws enacted by the lowa General AssemBlypverview of findings
from reviewof these documentsvas presented aha Visioning Workshopn July 25, 2018This Visioning
Workshopengagel lowastakeholderdo gaina mutual understanding of CAT activities and trends across
the nation before having discussions about how loW®T should anticipate CAT technologi€his
workshop helpedvith understandngthe challenges and needs in lowa.

A second workshopn September 20, 201i&volved completion of the Capability Maturity Mod€MM)

for CATwith agroupof lowa DOT stakehodds. The CMM follows a processiven approach to improve

TSMO in six capability areas: culture, collaboration, organization and staffing, business processes, systems
and technology, and performance measurement. This second workshop hesdfaulished a beeline for

current lowa DOT capabilities related to CAT ialedtified a number of recommendations and actions to
advance agency practiceé third workshop was conducted on March 26, 2019 to present a preliminary
structure for this Service Layer Plan ahiscuss the prioritization of actions to advance CAT in lowa.

Figure 5illustrates how the document reviews andowa stakeholdemutreach were used to gather
informationthat serves as the basis for ttf8&rvice Layer PlaimternallowaDOTstakeholdemgroupswere

lowa DOT Cooperative Automated Transportation Service Layer Blan |



identified based on theianticipated roles with CA®™ understand the challengesieeds vision, and
actionsidentified for CAT

wlowa DOT Strategic Highway Safety Plan,
TSMO Plans, and State Transportation Plan

Document [ATEYel L
Review ulowa F80 and 4380 Planning Studies

oNational trends and documentation of CAT
technology, deployment, and legislation

lowa wiIraffic and Safety
Stakeholders

wVehicle and Motor Carrier Services
uStrategic Communications
Outreach alocation and Environment

S . L w/isioning workshop
ervice Layer wCapability Maturity Model for
Plan CAT workshop

Development wAction Prioritization Workshop

Figure5 lllustration of the Service Layer Development Process

DOCUMEN CONTENT ANNTENDEDSE

This document is intended tgerve asa tacticalplanfor managinghe CATServiceLayerin a way that is
consistent with, and supportive of, tHewa DOTTSMO Strategic and Program Pldaifte TSMO Strategic

and Program Plans define an overall vision for optimizing existing infrastructure through better
integration, coordination, and a system@implementation of key operational strategies, and included an
approach of eight service layer plans. This document represents the CAT Service Layer Plan and therefore
defines the tactical approach and action plans to accomplish CAT related aspbet§ 8MO visiorThe
contentwill be used by lowa DOT toanage operationgyrocurementspartnershipsdevelopmentsand
deployments to accomplish the objectives defineithin.

Following this introduction, the remaining sections are organized as fallows

1 Challenges and Opportunitiesincludesa description otransportationchallengeghat could be
addressed by CAas well as a series objectives and tacticthat support TSMO strategic goals
while addressing challenges

1 Description of ExistingCondiions ¢ Provides a detailed description of existing services and
systemghat will likely be impacted by CAT, as well as existing stidiesva,existingorganized
efforts, legal issues, and observed trends and forecasi€Adwithin lowa, in neighborig areas
and nationally

lowa DOT Cooperative Automated Transportation Service Layer Blan |



9 Future Directiorfor Cooperative Automated Transportatiom lowa ¢ Describeseven elements
of the future directionfor implementing CAT in lowdogether with a tactical approach for
accomplishing the elements

1 GapAnalysisg Describes th@nalysisandcriteriausedto identify where services and other needs
are unmet as well as list of actionable recommendationspecificperformancemeasures for
each service layer objective a process for evaluating and correqi actions to meet the
objectives and acost estimate by fiscal year that will be used to refine TSMO Program Plan budget

estimates.

1 Action Recommendationg Brief summaries of a series of actions to accomplish the tactics
defined and advance towards tlieture direction for CAT in lowa.

lowa DOT Cooperative Automated Transportation Service Layer Plan |



CHALLENGEAND OPPORTUNITIES

lowa DOT operateprograms and serviceBy analyzingtrends, strengths and weaknesses, and then
capitalizing on opportunities tnmake enhancenents This section mvides a summary cdome ofthe
challengesncounteredthus farby the lowa DOT in achieving its visiohSmarter, Simpler Customer
Driveng specifically those for whiclCATmay offer solutions Following this description of challenges is a
description ofthe opportunities presented bselated TSMO service layer plans &@Tto mitigate those
challenges.

CHALLENGHESACING IOWA TRANSPORTATION

lowa DOTrecognizes three areas where CAT could address existing and future eebdnced mobility,
safety, and freight movementhese challenges are presented below, as desciibatle lowa TSMO
Program Plan

1 Mobility ¢ Regarding mobilityvehiclemiles traveled(VMT)throughout lowa increased b$8
percent from 1994 to 204, while lane miles increased /1 percent.VMT and truck freight

volumes are expected toontinue toincreasel 2 4 SHSNE ITA GBSy ,bakety an@a  NHzNJI

accessibity are generally of greater concern than travel time reliability issues.

1 Safetyg Over 300 fatalities occur in lowa each year, agnkse crasheare more likely to involve
drivers under 25 or over 65 years of agde average number of incidents statewith lowa is
approximately 3,000 per monthyith an average duration of about 60 minutes for blocked lanes.
Each minute a lane is blocked can lead to up to 5 minutes of delay, and for each minute that a
primary incident continues, the likelihood of a secondary crash increases by 2.8 percent.

1 Freght Movement¢ The movement of freight and agricultural commodities has shaped the lowa
landscape. In addition to industries that create and ship products from within |e8aahd 180
represent key transcontinental highways used to transport largemetiof freight every day.
The state also has a stroagricultural economy with many miles of lewelume, rural roadways
used for local freight transport.

Anadditional challenge isoncern aboufunding. For examplegas tax revenue is impacted byrieased

vehicle fuel economy and use of electric vehicles. This can present challenges related to staffing and costs
associated with capital projects, operations, and maintenameentially increasing the challenges of
preparing for the transformation t€ AT The lowa General Assembly has taken steps to address this by
FLILINR GAY3I + mn OSyd LISNI IHEft2y AYONBF aSandby G(KS
establishing motor vehicle registration fees for electric vehicles and hybrid vehicl@®19. The
connection between CAT and electric vehicles goes beyond the concern for funding. Automated vehicle
features and strategic mobility strategies often couple CAT to electrification of vehicles. Therefore, while
there is no required connectictmere are references in this document to electrification.

lowa DOT Cooperative Automated Transportation Service Layer Blan |
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COOPERATIVE AUTOMATED TRANSPORTMIBGITIVES

In order to address the challenges defined above, lowa DOT is formai@#dService Layer that will
work together with the other TSMO Semid.ayers to collectively manage and operate the lowa
transportation systemA series of TSMO strategic goals and objectives were develogsst lon the
challenges described abowehich align to a series of CAT supporting objectives ltaae been defined
for the CATServicd_ayer Table Ipresentsthe CATobjectives that support the lowa DOT TSMO strategic
goals and objectives

Tablel Relationship of CAT Supporting Objectives to TSMO Strategic Goals and Objectives

TSMO Strategic GaaDbjective CAT Supporting Objectives

1. Safety:Reduce crash frequency and severity

2. Reliability: Improve transportation system reliability
increase system resiliency, and add highway capaq Objective 1:Manage the lowa digital CAT
in critical corridors AYFNF &0 NHzOG dzNB Ay 2

readiness.

3. Efficiency Minimize traffic delay and maximize
transportation system efficiency to keep traffic
moving

Objective 2:Ease the entry and ongoing

4.ConvenienceProvide ease of access and mobility | operations of connected and automated
choices to customers vehicles in lowa through appropriate

physical infrastructure additions.

5. Coordination:Engage all DOT disciplines, and exte
agencies and jurisdictions to proactively manage a
operate the transportation system Objective 3: Identify and define the

business processes needed to allow and

6. Integration: Incorporate TSMO strategies througho{ support CAT within lowa.
5he¢Qa GNIYyALRNIFGAZ2Y Lk
maintenanceand operations activities

Objective 4:Secue lowa travelers,

7. Security:Prepare for and mitigate potential physica| transportation providers, residents, and
and cyber security issues physical and digital infrastructure against

intentional or unintentional threats.

lowa DOT Cooperative Automated Transportation Service Layer Blan |



OPPORTUNITIESANSMO-BASEAPRRQACH

lowa DOT recognizes the potential of G&Tmprovetransportation efficiency, safetyand the mobility

of its citizensFor exampleincreased data to vehicles and warnings about unsafe conditanallow a

driver or vehicle to take appropriate action, thereby reducing crashes. Similarly, a variety of applications
are available or being developed that would facilitate ie&h platooning or communications with
infrastructure toimprovemobility and freight efficiencyAccordingly, the department has implemented
CAT through pilot deployments and studies, and through engagement at the regional and national levels.

A TSMD-basd framework forCAT planningecognizes thaf holistic approach is necessdoyallow all

layers to complement and support each other. CAT requires information and services from the other
TSMO services, just as it can provide information and supporiother layers An example of this
approach can be seen in the recent effort by lowa DOT to procure new and advanced traveler information
and traffic management systems. There is an understanding that these systems may ultimately provide
information to conneted vehicles regarding traffic and travel conditions. Similarly, connected vehicles
may be a source of probe data that can be used to manage traffic and inform traveteeslobnditions.

Thetacticsin this servicelayerdescribethe relationship of &Twith the other sevenTSMO Servideayers

and how those relationships help to achieve the CAT objectiVkss tactics help clarify theoles for

management and operations activiti@snongall eight servicdayers Figure 6Gillustrates at a high level
the relationship of CAT services and theeraction withother TSMCservicd_ayers

lowa DOT Cooperative Automated Transportation Service Layer PGan |



Traffic
Management
Center
(TMCSL)

Traveler
Information
(TISL)

Emergency
Transportation
Operations
(ETO SL)

CAT SL will rely

onthe TMC SLto
populate aspects
of the digital
infrastructure
(e.g. traffic
delays, closures,
traveler

messages, etc.)

CAT SL will rely
upon the TI SL
to populate
driving
condition and
events in the
CAT digital
infrastructure

ETO SL will rely
on CAT SLas an
additional
resource for
information
dissemination
and vehicle
movement
management

Cooperative
Automated
Transportation
(CAT SL)

CAT SL will work
with WZM SLto
create more
automated
mechanisms for
work zone
reporting and to
disseminate
information
about work
zones. CAT SL
will rely on WZM
SLto populate
WZ data in the
digital
infrastructure

Work Zone Management
(WZM SL)

CAT SL will rely
upon the TIM SL to
populate Incident

informationin the
CAT digital

infrastructure;and
will supportthe
TIMSLin

performing
incident

Traffic Incident
Management
(TIM SL)

notifications

CAT SL will work
with ITSCSL to
understand the
potential
opportunities and

impacts of CATs
on the ITSCSL
(e.g. increased
data, increased
communications
etc.)

ATDM SL will
rely on CAT SL (
to understand

Communications

ITS and

ITSC SL)

the influences

CAT will have

on managing
roadway

capacity and
improving
safety

Active Transportation
and Demand
Management (ATDM SL)

Figure6 Example of CAT Interaction among TSMO Service Layers
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DESCRIPTION E@KRISTINGONDITIONS

Defining future actions for th&€ATServiceLayerrequires an understandingot only of the existing
services and systems operated by the lowa DTalso ofthe manysupportingefforts occurring within
lowa and nationally This section describebose existing services and systems, as well as supporting
efforts.

EXISTINGERVICES LIKELY TOMBEACTEBYCOOPERATIVAUTOMATED
TRANSPORTATION

A wide variety of services are expected to be impacted by CAT, particularly as penetration rates for
Connectedand Automated VehiclesGAV}increase These include:

9 Driver education and trainingervices;

1 Vehicle registratiomnd licensing

1 Roadwayand supporting infrastructurdesign;

1 Transportation operationsand

1 Information sharing with lowa residents and travelers

In the near term, additional services may be requiredniplement CAT. This may includlee wireless
exchange with CAWH additioral data and communications from roadside infrastructure

Longer term high CAV penetration ratemy leadowa DOTo considerphasing out or transitioning some
existing service offeringsHowever, ay phasing out of existing services should be gicareful
consideration to ensure that members of the traveling public have available alternatives. For instance,
vehicle and personal device connectivity may increaskedgoint thatit positively influences other TSMO
service layers and/or assets maimed by lowa DOT (e.g. lowa DOT neaysider modification or
elimination of some traveler information dissemination services, sudbyammic Message Signs (DMS)
or511

EXISTINGYSTEMS LIKELY TOVBEEDIFIED TGQUPPORTOOPERATIVE
AUTOMATEORANSPORTATION

In the near termsystemsmay require modificationto accommodate CAT. This may inclutenges to
the design or operations of physi@lstems andhfrastructure.Examples of possible changes include:

1 Fultdepth shoulders to allow for a future CAl€sigrated lane whenreconstructingroadways.

1 Strengthening pavement design to accommodate higlimes ofvehicles traveling along more
precisewheel path.

1 Supporing connected infrastructure networks by installing continuous fijbewxireless
communicationsand/or power along corridors.

1 Adding cameras, sensors, aoither roadside equipment for V2I communication.

lowa DOT Cooperative Automated Transportation Service Layer Pfn |



1 PlacingGlobal Positioning SystemSR$reference markers along the interstate medians for AV
positioning during unstable satellite connectivity.isltould be IDAR in combination with known
points to obtain position information.

1 Instalingroadside objects (technology based or Aehnology based) to suppomtavigation and
guidance(e.g. signshat are readable to both AVs and humaissone option

i Establishing ew standards for lane striping frequency, composition, or width

1 Providingpull-out areas for CAVSs.

Modifications are also expected for the desimd operations of digital systems and infrastructuNew
communications mechanisms for transmitting and receiwiriigastructure and vehicle data may become
available.Additionally, as more CAT data becomes availaldea DOT may need to expand data
procesing and arching capabilities and thdunctions of the Advanced Transportation Management
System ATMS.

Longer term with high CAV penetration rates lowa D@@y considephasing out or transitioning some
existing service offerings. Any phasing out wisgng services should be given careful consideration to
ensure that members of the traveling public have available alternatives. For instamee, DOT may
decide to implement managed lanes major interstate corridorso accommodate CAVs or platoons

EXISTINGOOPERATIVARUTOMATEORANSPORTATIGNUDIES ANBFFORTS

CAT has impacted nearly every aspect of the transportation industry, and continues to be a focus of many
conferences, research initiatives, model deployments, and planning scendidogtovide a perspective

on the evolving nature of CAT, ttdsction hidplights some examples of studies and efforts within lowa
and at the national level to provide a perspective on the evolving nature of CAT.

IOWA PLANNING STUDIES RELATED TO CAT

In an effort to improve interstate mobility and better understand CAT, ID&ahas conducted planning
studies focusing on38(? and F8C®. Both studies included public involvemeastablishment of existing
conditions,an examination of required improvements necessary to support CAT, evaluation of alternative
modes of transportationand a vision for infrastructure investment. The studies offere@riety ofCAT
related recommendations for these corridor

Multiple studies are being conducted lirough a partnership betweendwa DOT, HEREechnologies
(HERE)the University oflowa, and lowa State UniversityThe study haseveral immediate goal®r
advaning CAT in lowaTo date, the group has developed afrastructure data spefication document,
and is testingthe effectiveness of mobile and dtlash V2X hazard alertingAdditional plans include
creatinga queue detection pilot program, testing todisr obtaining additional detail regardingork zone
activity, and completing CAToproof of concepé  LINSBr@dn@iiter vehiclesndtrucks.

21-380 Planning Studyhittps://iowadot.gov/i380planningstudy
%1-80 Planning @dy: https://iowadot.gov/interstatestudy/Home
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IOWA ADVISORY COUNCIL ON AUTEMATRANSPORTATION

TheSate of lowa haslsocreated a Advisory Counc{Councilo facilitate the strategic development of

policy, systemsand infrastructure that are necessary to support CAT. This includes membarfofia

DOT University of lowa, lowa State University, lowa Department of Public Safety, lowa State Patrol, lowa
Economic Development Authority, lowa City Area Chamber of Commerce, Technology Association of
lowa, lowa Insurance Commission, lowa Motor TingkAssociation, Freight Advisory Council, lowa
League of Cities, lowa State Association of Counties, and Department of Agriculture and Land Stewardship.
As stated in its objectiveshé Councils intended to

lowa Advisory Council on

f Function as a catalyst and forum fautomated Automated Transportation
transportation systems and automated vehicle (A|Vision & ¢ 2 ONXBread$ |
technologies driving environment in low

f Discuss policy and strategies to further effective a for the safe movement of
successful research, development, testing, operatid people and freight for a

and implementation of Xs in the state of lowa GKNAGAYI L26
. Provide coordinated feeditk on A/s to both publicand|Missiond [ S RZ 02 2 NR
private entities enable the advanceent of
1 Promote testing and deployment and remove barrier automa'teg transportation
1 Provide a forum for education and outreach ( aeausya Ay L
automated transportation systems and/a

This Service Layer Plan is being developed to be, in pasparce for the Council, and to expand on its
findings and recommendationg.hecouncilwill have subcommittees made up of subject matter experts,
each focused on specific AT topiasshown inFigure 7.

Outreach and Educatiofcrosscutting)

Infrastructure Policy & Economic Public Safety &
Readiness Legislation Development Enforcement

1 Digital 1 Administrative 1 Workforce 1 Regulation

9 Energy 1 Liability Development 1 First Responder
9 Electrification 1 Insurance 9 Employment Safety

9 Planning 9 Finance 9 Entrepreneurship 9 Operator

7 Land Use 1 Privacy 1 Freight Responsibilities
9 Freight 7 Land Use Planningll 1 Commerce 9 Safe Deployment
1 Security 1 Efficiency 1 Vulnerable Road
1 Institutional 1 Reliability Users

9 Workforce 9 Industry
9 Manufacturing

Reseach and Developmenfcrosscutting)

Figure7 lowa Advisory Council on Automated Transportation Subcommittee focus areas
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Sincemany states have similar groygke Councilalues the opportunity to exchange ideas with them.

DOT staffparticipation in a national dialog throughtthe American Association of State and Highway
Transportation OfficialSNASHTDwill assist in keeping the Council apprisédipdates from other sties.

The Council is open to external stakeholders and has engaged with groups such as the American
Automobile Association (AAA) and insurance companies.

Engaging with communityembersto educatethem about CAT is also very important to the Council. For
instance, many car ownelgve an incompletenderstandng ofthe technology within their own vehicle
and of the technology that has beconagailable. Educating communities also provides @pportunity

to learnabout their concerns.

NATIONAL ORGANIZEEFERTS

A variety of efforts are occurring nationally to support CAT.

9 CAT CoalitionThe CAT Coalition serves as a collaborative focal point for federal, atdtéocal
government officials, academia, industand related associations to address critical program and
technical issues associated with the nationwide deployment of connected and automated
vehicles on streets and highwaysCoalition membership includes representation from
infrastructure owners and pmerators (I0Os), original equipment manufacturers (OEMS),
technology and service providers, aihternet of thingg (IOT) suppliers. Working groups
develop and provide feedback on CAT resourpesmnote peer exchange and outreach efforts;
and promote CAeployments such as the Signal Phase and Timing (SPaT) Challerige and
Connected Fleet Challengéndividual working groups that lowa CAT stakeholders may elect to
participatein include the following:

1. Policy, Legislative, and Regulatory (PLR) Workingu@ ¢ focusing on policy level topics;

2. Infrastructure-Industry Working Groug; that has an emphasis on relationships between
the infrastructure owner operators and industry providers/operators; and

3. Planning Scenarios Working Grogphat has an emphasisxaunderstanding impacts that
CAT has on sherand longterm planning.

1 National Strategy forHighway Automation The National Strategy for Highway Automation is
intendedto servel & | NRF RYF LI F2NJ | dzi 2 Y I (floryf Height oGk Ol Qa
to metropolitan areas.A threephased approacknvisions a transcontinental freight automation
network as the initial focus, followed by automation networks in major metropolitan areas, and
ultimately, automation support for the fulNational Highway Systenihis boldeffort is expected
to offer many benefits in bolstering global economic competitiveness and growth, national
security and preparedness, public health and safety, and corollary technological advancement
lowa is an active leader in thdevelopment of this ational strategy. This means lowarae
positioned to influencéts developmentand to benefitfrom the nationwide implementation and
execution
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1 AASHTO CTSOAV Working Group The AASHTO Committee on Transportation System
Operations(CTSO) includes a working group on CAV. This working group provides a forum for
state DOT members to exchange best practices, conduct outreach, and advance CAV concepts.
¢CKNRdzZAK L2gl 5h¢Qa Ay@2t dSYSyidG Ay [/ ¢goopio L2411 &
engage with peers in other state DOTs throughout the development of the CAT program.

1 AASHTO State AV Task ForggSommunity of Practice lowa DOT participates in the State AV
Task Forc® Community of Practice (CoP). Recogniziagdéveral states have formed (or are in
the process of forming) AV Task Forces, AASHTO created a CoP with three objectives:

1. To cross inform others about their efforts;

2. To understand the products being generategd members that may be of interest to
others; and

3. Todiscuscritical policy and technical issues, as appropriate.

The AV Task For®@CoP meets through quarterly webinars or conference calls to exchange
information. In addition, ideas are shared aa online dialogue facility.

1 AmericanAssociation of Motor Vehicle AdministratorAAMVA) AV Working GroupAAMVA
operates an AV Best Practices working group thakefining best practices with the intent of
sharing them withmember jurisdictions Examples of topics include regulationanfonomous
vehicles and the testingf drivers who will operate autonomous vehicles.

1 The Connected Vehicle Pooled Fund Study (CV AR&).initiative involvefarge-scale research
and demonstration projects, with an emphasis on connectivity between vehiced
infrastructure systems. lowa stakeholders may consider tracking the products and outcomes of
this effort while also evaluating membership options.

Additionally, there areseveralongoing publieand privatesector efforts occurring nationally taipport
CAT efforts using both cloudnd roadsidebased technologies:

 AV2.0InSeptember2014 KS ! yAGSR {GF dS&a 5SLUSNGVAGMOGal 2 T ¢ NI
Highway Traffic Safety Administration (NHTSA), releasedoluntary guidance document
intended to support the automotive industry, states, and other key stakeholdéwstomated
Driving Systems 2.0: A Vision for Safety (AVi @vided into two sectionsSection 1 contais
voluntary guidance for the safe testing and deployment of automatadirdy systems (ADS)
Section 2 provides best practices for state highway safety officials with regard to procedures and
conditions for operation of ADS on public roadways and also clarifies federal and state roles in the
regulation of ADS.

i Table2 highlights USDOT and state responsibilities for ADS as noted in this document.
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Table2. NHTSA and State Responsibilities for ADS from USDOT AV 2.0
USDOTH | ¢ {! Qa wSalLR {GFr0SaQ wSalLRya

Setting safety standards for new mot( Licensing human drivers and registering mo
vehicles and equipment vehicles in their jurisdiction

Enforcing compliance with safety standardg Enacting and enforcingtraffic laws and
regulations

Investigating and managing the recall a Conducting safety inspections, as needed
remedy of nomcompliances (and safet
related defects) nationally

Communicating with and educating the puby Regulating motor vehicle insurance a
regarding motor vehicleafety issues liability

AV 3.0.In December 2018, USDOT releasedbcument that builds upon AV 2 Breparing for

the Future of Transportation: Automated Vehicles 3.0 (AVd&8&ribes the six principles that
guide USDOT programs and policies on automated transportation and describes five
implementation strategies for how USDOT translates the principles into action.

Additional Resources.The USDOT has issued a humbeadifitional resource$o support CAT
activities,includingV2V Notice of Proposed Rulemakin@| Deployment Guidanc®2l Huband
DSRC Specification 4.1

Pilot Deployments.Largescale ConnecteWehicle Pilots and Smart Cieploymentsponsored
by the USDOT are occurring@olumbus, New YoRity, Tampaand Wyoming

Early Local DeploymentsThe SPaT Challenge has been accepted by 26 states to date, with over
2,000 signals expected to be equipped in the coming years

CAT Policy FrameworksOver 21 | 3Sy OAS&a NS NBLINBASY(ISR 2y
Policy Clearinghousgavarious CATelated policies and plans
https://transportationops.org/CATCdigion/clearinghousecat-policy-frameworks

LEGAL ISSUES F@ROCERATIVAUTOMATEORANSPORTATION

As ofJuly2019 40 states have enacted CAT legislation or a related executive ordergislation and
executive orders range from specific details regarding licensing or following distances that could in some
ways be restrictive, to more general exemptions that provipgleater flexibility for CAT initiatives, to
general authorization fotesting and advisory committees.

lowa has enactethe followinglaws related to CAT

“Autonomous Vehicles State Bill Tracking Datablis¢ional Conference of State Legislatures. Accessed
July 2019http://www.ncsl.org/research/transportation/autonomousehicleslegislativedatabase.aspx
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! House File 38became effective odune 1 2019 ad modifies existing lowa Codlto remove
vehicle following distance requirements for towing to accommodate coordinated platoons.

1 SenateFile 30Zbecame effective oduly 12019 androvides CATelated definitionsconditions
for operation, insurance requirements, expectations when involved in an accidemtermand
driverlesscapable vehicle network allowancedt also addresses taxirapthority, specifically
prohibiting political subdivisions (cities and countigg)m impodng a tax on system equipped
vehicles

1 House File 76Wassignedon May 16, 201@&nd contains various effective dates according to the
respective divisions of the bill. This bitablishes registration fees for electric vehicles.

The lowa CAtfelated laws are similar to those in other states regarding:

91 Definitions ofCAVsandtheir operators and other CAkélated terms such aplatooning(22 total
states).

1 Vehicle following distances for coordinated platoons (18 total states).

1 Insurance and liability for CAVs (11 total states).

Additional legislative changes that other states have enacted for CAT include the following examples:

1 Defining the ole of passengers/operators amstablishingallowances for viewing devices while
in motion (12 states)

1 Preveninglocal authorities fronprohibiting CAV usfb states).

Registering and licensi@A\s (4 states).

9 Establishingequirementsfor various crash scenarios, such as reporting the craststayihg at
scene(4 states)

i Establishingafety standards and penalties for violatiofisstdes).

9 Addressing @hicles without standard operating gea&r.g. steering wheel, pedals state.

=

CAT legislation or related executive orders enacted in states bordering lowa are desciTladxe® A
full list of enacted legislation and its relationship to lowa Code is presenteddandix C

Slowa Code 2019. Accessed June 2019. Note: this link is to the code as it stood prior tat thitisea
2019 session, a link to the updated code will be inserted when available.
https://www.legis.iowa.gov/law/iowaCode
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Table3 CAT Legislation or Executive Orders in Neighboring States

State Legislation or Executive Order

lllinois Executive § Directs interagency coordination to launch and support Autonomous
Order 13, Illinois Initiative led by Illinois DOT.
2018 1 Qreatesthe Autonomous lllinois Testing Prograadministered by Illinoi
DOT.
House 9 Amends Vehicle Code to define autonomous vehicle

791, 2017 9 Bans local prohibitions cautonomous vehiclaiseon localroadways

|

Minnesota Executive 1 9aGFo6fAaKSa (KS D2@SNYy2NDRa ! RJ
Order 04, Automated Vehicles.
2018 1 Related documentationyinDOT CAV website

Executive T Replaces Executive Order-18;
Order19 §/ 2y dAydzSa GKS ST¥F2NIa 2F GKS D
18,2019 Automated Vehicles

Missouri None

Nebraska Legislature  Authorizes automated and driverless vehicles anedemand driverles
989, 2018  vehide networks with requirements, restrictions, and limitations.
1 Provides powers and duties for the Department of Motor Vehi(l#gdV)
9 Defines terms.

South Dakots None

Wisconsin  Senate  § Defines and creates traffic law exemptions for a vehicle platoon trave
695, 2018 in a unified manner at electronically coordinated speeds.

Senate T Revises provisions relating to distances between vehicle platoons.
698, 2018

Executive 1/ NBIF 4G4SR D2@SNYy2NRa {(iSSNAy3 /2

Order 245,  Vehicle Testing and Deployment to determine how best to advance t

2017 testing and operation of autonomous and connected vehicles.
9 Submitted findingsJune 2018 report
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https://custom.statenet.com/public/resources.cgi?id=ID:exec_order:IL201813&ciq=ncsl&client_md=067e6ae560d64c2946df8320c1736b64&mode=current_text
https://custom.statenet.com/public/resources.cgi?id=ID:exec_order:IL201813&ciq=ncsl&client_md=067e6ae560d64c2946df8320c1736b64&mode=current_text
https://custom.statenet.com/public/resources.cgi?id=ID:exec_order:IL201813&ciq=ncsl&client_md=067e6ae560d64c2946df8320c1736b64&mode=current_text
https://custom.statenet.com/public/resources.cgi?id=ID:bill:IL2017000H791&ciq=ncsl&client_md=7aec7bc0b982312e5601895c8c508a69&mode=current_text
https://custom.statenet.com/public/resources.cgi?id=ID:bill:IL2017000H791&ciq=ncsl&client_md=7aec7bc0b982312e5601895c8c508a69&mode=current_text
http://www.dot.state.mn.us/automated/order.html
http://www.dot.state.mn.us/automated/order.html
http://www.dot.state.mn.us/automated/order.html
http://www.dot.state.mn.us/automated/index.html
https://www.leg.state.mn.us/archive/execorders/19-18.pdf
https://www.leg.state.mn.us/archive/execorders/19-18.pdf
https://www.leg.state.mn.us/archive/execorders/19-18.pdf
https://custom.statenet.com/public/resources.cgi?id=ID:bill:NE2017000L989&ciq=ncsl&client_md=bfad91aac932cb3ab32e2f93d294c8d2&mode=current_text
https://custom.statenet.com/public/resources.cgi?id=ID:bill:NE2017000L989&ciq=ncsl&client_md=bfad91aac932cb3ab32e2f93d294c8d2&mode=current_text
https://docs.legis.wisconsin.gov/2017/proposals/sb695
https://docs.legis.wisconsin.gov/2017/proposals/sb695
https://custom.statenet.com/public/resources.cgi?id=ID:bill:WI2017000S695&ciq=ncsl&client_md=55c953de980e76fb3019bee6b12c0b36&mode=current_text
https://custom.statenet.com/public/resources.cgi?id=ID:bill:WI2017000S695&ciq=ncsl&client_md=55c953de980e76fb3019bee6b12c0b36&mode=current_text
http://docs.legis.wisconsin.gov/code/executive_orders/2011_scott_walker/2017-245.pdf
http://docs.legis.wisconsin.gov/code/executive_orders/2011_scott_walker/2017-245.pdf
http://docs.legis.wisconsin.gov/code/executive_orders/2011_scott_walker/2017-245.pdf
https://wisconsindot.gov/Documents/about-wisdot/who-we-are/comm-couns/av-final-report-062918.pdf

OBSERVED TRENDISALLENGESNDFORECASTS FOR THE FUTURE

TRENDS

A number of activities are currently underway by both I0OOs and OEMs that point to a future with CAT:

1 CAT Policy FrameworkMany IOOs are anticipating CAT and beginning to develop task forces,
executive committees, or resee initiatives to explore CAT and understand what it means for
their state and agencylhis has sometimes been motivated by legislation or executive orders, as
indicated in the previous sectio®ome I00s have alreadyblishedCATrelated strategic plans,
executive reports, or othedocuments

1 Early FirstGeneration DeploymentsAn increasing number ¢©Osare deploying their initial CAT
infrastructure systems. An example of a common first CAT infrastructure deployment is the
broadcast of SPadata with accompanying MAP messages. SPaT/MAP broadcasts provide data
for a variety ofon-board applications, including red light violation warning (RLVW) addgirian
in signalized crosswalk warning.

1 Expanded DeploymentsSome IOOthat have completed firsgeneration systems amxpandng
their existing deployments to a larger networlor exampleColorado DOT, Michigan DOT and
Utah DOTall have wide ara deployments underway or operational that will deploy a vast
network of CAT infrastructure

9 Autonomous Vehicle Testing on Public Roadsornttraditional OEMs like Uber and Waymo
continue to test autonomous vehicles in various environmer&smilarly,autonomousshuttles
(often referred to as driverless shuttlegje beingtested anddeployed(either for temporary
demonstrations or longerm operations)in a variety of urban and suburban settings, including
the cities ofLas Vegasand Minneapolis and the state of Utah. One critical role these
demonstrations are playing is allowing the general public to ride in and experience the new
technologies

1 Autonomous Vehicle Operations on Private RoadsAutonomous vehicle operations are
underway in locationsvith private roads (e.g. inside gated retirement communities)l are
delivering benefits to travelers.

1 Production Vehicle Manufacturer AnnouncementSeveralDEMs such as GM, Ford, afalyota
have made announcements abouequipping their vehicles with connectivity and/or
communications capabilities in the coming decadsther through DSRC or CelluM2X
communications.

1 Guiding Principles.Severalnitiatives are developing guiding principles related to CAT activities
that are likely to shape theoverall industry approach, and lowa CAT stakeholders have
opportunities to both provide input to the guiding principles and benefit from the direction they
offer. While it is likely that additional documents will continue to define principles from bmeh t
public and private perspectives, examptécurrent efforts to develop guiding principles include:

0 AASHTOthe Institute of Transportation Engineerbl'g, and ITS America have drafted
Guiding Principles for Connected Infrastructure supporting Cooperatutomated
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Transportationanticipatingthat these principles will be reviewed, modified, and ultimately
I LILINE OSSR o6& SIFOK aaz20AFlGA2yQa YSYOSNRKALIT
o ! R20dzySyd GAGESR a{lFFShie CANRBG F2N) !dzi2YLIl @
companies thatinclude Aptiv, Audi, Baidu, BMW, Continental, Daimler, Fiat Chrysler
Automobiles, Here, Infineon, Intel, and Volkswagen. This document is described as a
framework for the development, testing, and validation of safe autonomous vehicles.
0 InJuly 2019, Ubeublished at { | T S (ithat describes testing and development of their
seltdriving system and encourages the industry to collaborate on safety. Uber described
this as an approach to provide additionediisparency around their safety approach

POTENTIAL FUTURBALLENGES

The list below describes some of tlohallengesthat will likely impact future CAT deployment and
operations:

1 Communications Spectrum Uncertainty§incel999, the Federal Communicatis Commission
(FCQ has allocated 75 MHz dhe 5.9 GHz band to transportation use, with the inteoft
promotingthe safety of automobile drivers, passengesd possibly even pedestrians. Recently,
there have beenquestions about the lonterm status of dedicated transportation use of this
spectrum.

1 Communications TechnologiesSincel999, the default communications technology for the 5.9
GHz spectrurhas beerthe use of the DSRC protocélowever, cellular V2xnd 5G technologies
have recently been introduced as alternates and/or supplements to DSRC. The industry now lacks
universal agreement on the loftigrm communications technology for V2V and V2I
communication This uncertaintys impacting longerm invesments from both the private and
public sectors

1 Security of Communicationsv2l and V2V communications will ultimately require a credentials
based mechanism for securing messagé3uestions remain regardingwnership cost, and
responsibility for managg a national security credentialing system to support the V2| and V2V
use cases.

91 Potential for Unsafe Proliferation of Autonomous Featuré&/hile there is considerable industry
attention to the safety of autonomous features in vehicles, the introductioh any
transformational technology change introduces potential risks of safety factors not anticipated.

1 Abuse and Misuse of Autonomous Featur@s the autonomy of vehicles incrementally increases
beyond driver assist, there is potential for drivers tdheit misuse functions if they are not well
understood or to abuse functions that are understood. Educating drivers about the facts of the
autonomous features (e.g. the limits they are allowed to rely on the autonarag reduce the
misuse, but drivers malye included to push the extent that they rely on the autonomy beyond
the level it is tested and trusted.

1 Enforcement of Autonomous VehicleAutonomous vehicles will introduce new and unique
challenges to law enforcement and emergency responders. Iy likél not be possible to
distinguish the level of autonomy by visual inspection of a vehicle traveling down the road,

lowa DOT Cooperative Automated Transportation Service Layer Plan |


https://uberatg.com/safetycase

creating challenges of enforcing distracted driving laws. Similarly, the testing and verification of
vehicle functions is not well undgiood at this time.

1 Vulnerable Road UsersWhile vulnerable road users stand to benefit from increased mobility
through autonomous vehicles, there are potential safety risks by removing some or all of the
RNAGSNDRaE O2yGNRt O ¢ EnSeye@aniadzbrinan® gestifes Mt lenalle2 y | Y
@dzft ySNIFo60fS NRBFR dzaASNE (2 dzyRSNERGlIYR (GKS RNARGS
vehicles increase in autonomy.

f Identifying and Understanding Levels of Automatioh y &8 aLISOAFAO GSKAOf SQa |
may vary depending upon software upgrades downloaded, driver activation (or deactivation) of
features Similarly, automation functions may be marketed as features in vehicles, with various
names depending upotihe manufacturer. This may create confusion for both the drivers as well
as enforcement.

T Common Nomenclature Currently nouniversal set of CAT related terrard definitions exists
While multiple organizations have developed or are developing thiesensistenciegemain
between definitions used in legislation, technical research, vendor products, and supporting
resources

FORECASTS

The trends activities, and challengetiscussed abovpoint to three parallel transitions that are likely to
occur overthe coming decades:

1. A progressive increase in the level of automation and connectivity in privatehed vehicleg,
the rate of which is difficult to estimate

2. Increased use dilly autonomous (i.e. no ehoard driver controlsyhared vehicles for trartsi
shuttles, rideshare, mobilitpn-demand, and commercial vehicles.

3. Increasng enactment of legislabn, policies, and regulationdy federal, state, and local
governments to ensure safe and equitable operatiamsl foster better understandingy all
stakeholders.

Due to many variables involvedstanatesof CAV penetration rates within 10 or 25 years vary witieiy

10 percent tonearly100 percent of the vehicle fledlt is expected that a major paradigm shift will occur
at somepoint in the coming deadeswhen we reach aritical mass of operational CAVs and electric
vehicles When this occurs,ravel patternsare likely to changesignificantly requiring significant
infrastructure changeas well However, given the fasthanging pace of new and evolving technologies,
much uncertainty remains about when the CAT future will arrive or what it will look like.
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FUTURE DIRECTIBAIR COOPERATIVE AUTOMATED TRANSPORT

IN [OWA

The next 10 years promisasbe transitional and forrative for CAT throughout the United States. During
this period, the vehiclesn lowa roadswill increase in automationyith growinguse of commercial
products available today (e.g. Cooperative Adaptive Cruise Cd@W#aLy) aswell as new features and
functionsas they areintroduced in production vehiclesin fact it is possible that testing and limited
operations of fully autonomous vehicles will become increasingly comsupporting specific freight or
transit uses.

ELEMENTSOF THEEUTURE DIRECTIORCATIN IOWA

lowa DOT wilyatherinput and direction from the National Strategy on Highway Automation, the lowa
Advisory Council oAutomated Transportationand additional lowa CAT stakeholdethis input is not
limited solely to public agencies. For example, private sector industry is represented on the Council, and
the National Strategy for Highway Automation includes a component of private sector outreach and input.
The department wilconduct a variety of activitiei line with the identified CAand TSMbjectives
Asillustrated in Figure 8these activitiexan be organized into elements of the future direction of CAT in
lowa, as follows

1 Advancing and supporting a digital CAT infrastructheg benefits from loth public and private
data and information;

1 Supporting efforts to expand the generation and availability ofréady data;

1 Making pactical, incremental changes tthe lowa DOT physical infrastructureand digital
infrastructureto support CAT

1 Developing acoordinated approach that aligns national efforts with 2 ¢ [AQ@dmated
TransportationVisiondeveloped by the lowa Advisory Council on Automated Transportation,
which may include DOT activities analipy, legislative, and regulatory efforts;

1 Informing lowa residents about CAPpotentially through driver education, licensing, and
outreach, andepresenting statewide needs to encourage equity;

1 Increasingriternal CAT readinesd lowa DOT by updatinigusiness processes, meeting staffing
and funding needs required by CAT, and educating decision makers; and

1 Minimizingsecurity threats are minimized to all CAflated systems and activities.

In addition to the influences and actions that are expected over the next several years, Figure 8 illustrates
these elements of thefuture directionfor CAT in lowa. Details on the seven elemesftshe future
directionare described below, as they reldtethe previously defined CAT supporting objectives.
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Strategy fon: Highway lowa Advisory lowa CAT ——
Automation and - Stakeholders p
- Council on AT isftiehees
other national efforts
/lowa TSMO Service Layers
Systematically Complete
CAT Activities that meet CAT P —
and TSMO Objectives
Digital CAT Infrastructure [ AV-Ready Data that is Physical CAT Infrastructure
deployments statewide through generated by the DOT and implemented to support CAT Elements of
private ownership and received from the digital through practical, incremental the CAT
partnerships infrastructure A changes Future
/ - - - \ / ~\ - \ . .
Coordlnatl_on&All_gn_rpent Iformed and Educatediowa (Internal CAT R_eadlnessthrough Direction
between national activitiesand < updated business processes,
. . Residents and Travelers, who . . .
the lowa Advisory Council on : satisfied staffing and funding
are represented equitably

\Automated Transportation Plan ) { J\needs, educated decision makers
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Figure8 Future Direction for Cooperative Automated Transportation in lowa

DIGITAL CAT INFRASTRUCTURE

The digital infrastructure will be a critical component of CAT in Idarently, the availability and
maturity of digital infrastructure in lowa is very low. However, likisly tobe deployed rapidly statewide
over the next 510 years This increasmavailability and maturity is expected $onultaneously increas
CAT functionality at a rapid rat€he department envisions this rapid growth as occurkamgelythrough
private-sector investment ownership, and partnershipsvith some ownership at thatate and local
public levels Figure 9 depicts theelationship of digital infrastructure availability and maturity to
proportionately enhance CAT functionglit

lowa DOT envisions early demonstratievib helpwith understandngthe business casas well as helping

to define therespective roles of industry and DOT in funding, deployment, operations, and maintenance
of the digital infrastructureThese demonstrations would be encouraged and supported by lowa DOT but
preferably led by the private sectobemonstrationswill alsohelp identify roles where lowa DOT adds
value that thirdparty providersand private sectocannot.
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PHYSICAL CAT INFRASTRUCTURE

Physical infrastructure is another a key element of the CAT vision in lowa. As illustigted9, the
physical infrastructure is largely built out and therefore widely available for traveler needs. The future
direction for CAT will require lowa DOT to make changes to this network to enable CAT functionality.

Some changes to the physical infrastiwre will involve low or no technology improvements. These may
include improvements to lane striping (e.g. widening of stripes or increased frequency of painting), signing
changes, and traffic signal improvements. These changes are expected to be émiglérbased on a
timeline developed by the National Strategy for Highway Automation and can beereachanges that

will benefit drivers of norautonomous vehicles as wéll.

Other changes to the physical infrastructure will involve technical solutiotis avinigher degree of
complexity and require increased maintenance and operation. s&hwy include roadside or cloud
broadcasts of data to support V2I applications in vehicles, roadside data captures of data broadcast by
vehicles for information gatherqn These technology changes to the physical infrastructure are longer
term changes andlo offer potential benefits to vehicles with ésoard applications. However, such
changes are expected to be incremental, practical, and targeted to specific locatidreorridors, such

that availability and maturity of the physical infrastructure incurs minimal expansion while CAT
functionality is steadily increaseBigure Sshows how expansion and increased CAT functionality for the
physical infrastructure is relaely less than that expected for the digital infrastructure.

To support incremental changes to the physical infrastructure, lowa DOT envisions pilot projects will be
conducted to help understand the needed changes in the physical infrastructure to suppdriThe lowa
DOT currently envisiorfeur types of demonstrations:

1. Proof of ConceptDemonstratiosto learn if something is possible technically or institutionally.

2. Benefit Understanding Understand the direct and indirect benefits to lexpected as CAT
deployments progress and infrastructure investments continue, and to quantify these benefits to
the extent possible in relation to TSMO goals.

3. Cost UnderstandinglLearn the costs of an activity and determine its fiscal feasibility withén th
current technical or institutionadtructure, andrelate costs to the estimated benefits

4. Design Understandingdiscover design changes necessary for the future CAT environment

For example, a design understanding demonstration could focus on desigimfajor interstate corridor

such as-B0 to understand whether pullouts are needed to support AVs and how AVs might handle them.
As another example, a proof of concept demonstration could experiment with fiber or other uses of
conduit to support CAT.

¢ Preparing Local Agencies for the Future of Connecteddamanomous Vehiclesowa State University
for the MN LRRPhttp://www.dot.state.mn.us/research/reports/2019/201918.pdf
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Figure9 Future Direction for Expansion of CAT Physical and Digital Infrastructure in lowa

AV-READY DATA

lowa DOT recognizes the importance of data to support CATnégrdsto systematically increase the
accuracy and level afetail of DOIgeneratedAV-ready data.ThisAVtready datawill directly support
contribute to, and be generated bthe digital infrastructure At the same time, lowa DOT will make
accommodations to receive neDOT data from the digital infrastructure tocreaseT SMCcapabilities.
lowa DOTrecognizesthe importance of augmenting data systems and availability in a way ithat
sustainable and formalized throughout the department

For example an agreedupon goal for the lowa DOT is to have statewiderdadty work zone data

available within 10 yeardhis will beginsoonasa pilotwith staff focusngon work zoneshat havehigher

crash rates to get comfortable with the data and understand what it takes to generate, validate, process,

and disseminate the datdowa DOT is also participating as a pilot state in the FHWA Work Zone Data
Initiative, which is expanding the availability of work zone activity data and supports this goaiready/

work zone dataOnce the cost of generating A®ady work zone datdor any data for the digital
infrastructure) is understood, lowa DOT may release a position statement describiy3helr NI Y Sy G Qa

vision of therespective role®f the DOT and private sector.

COORDINATION AMDIGNMENT WITH NATIONAL AND LOOSIPERATIVAUTOMATED
TRANSPORTATI@NUDANCE

Deployment ofphysicaland digital CATinfrastructure and AVready data described in the previous
sectionsis expected toultimately harmonizewith both national and local CAT guidanocecognizing that
thisguidance is eMwing as wellA variety of national organizations such as USDOT, AABAMYA and
the CAT Coalition provide guidance and recommendations for the deployment of CAT. Further, as part of
its phased deployment, the National Strategy for Highvajomation is expected to develop a variety of

resources to help agencies prepare for future automatiOmesuchNB & 2 dzZNDO S ma&idziEfhato S | &
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